Sudan has high maternal mortality. The rate among nomads -groups of people who move from place to place as a way of obtaining food, finding pasture or make a living -is very high and varies between different regions of the country. The objective of the study is to identify the factors affecting the utilization of maternal health care services by nomadic communities in Sudan, to make recommendations to improve their health. Nomadic health practices and health care services are the main influencing factors affecting the utilization of maternal health care services. Nomadic health practices are influenced by the mobile lifestyle of nomads, their low level of education and knowledge, gender norms, beliefs, values and attitudes, and their geographical locations. Existing health care services are ill-adapted to the nomadic lifestyle. The study also demonstrates some best practices from other countries that can be applied to the nomadic context in Sudan, such as community health workers, training and support for traditional birth attendants, provision of joint mobile health services for humans and livestock and the establishment of maternity or birth waiting homes. Since the utilization of maternal health care services by nomads is extremely low, the study recommends evidence-based strategies to increase community demand for services or bring women closer to emergency obstetric services.
Background
Nomads are groups of people who move from place to place as a way of obtaining food, finding pasture for livestock or otherwise make a living (Ahmed and Abdel-Rahman 2008) . Most nomadic groups follow a fixed annual or seasonal pattern of movement and settlement. They often travel by animal or on foot, and they live in tents or portable shelters made out of tree branches or animal hides. In the context of the study about Sudan, the term 'nomads' is used to refer to a population that moves temporarily or permanently along with their animals as a way of living.
Globally, the current estimated number of nomads is uncertain because accurate statistical data are not available. This is probably caused by unclear definitions and vague boundaries between settled and mobile communities (Sheikh and Velema 1999) . However, the population of nomads and semi-nomads across the world is estimated at 50 to 100 million (Maro et al. 2012) . The majority of nomads (60 %) are found in Africa, where they face numerous challenges in accessing health care services compared to settled populations (Sheikh and Velema 1999; Maro et al. 2012) .
Sudan has a large nomadic population, as 66 % of the land in Sudan is arid and mostly pastoral (Casciarri and Ahmed 2009 ). According to the fifth census of 2008, the nomadic population in Sudan was estimated at 2,778,774 people ( Figure 1 ). This represents 7.1 % of the total population; however, this percentage is believed to be higher after the cession of South Sudan. The population structure of nomads is expansive (Figure 2) , with young people constituting the largest proportion of the population. The nomadic population has increased significantly over recent decades (Table 1) (Casciarri and Ahmed 2009; Ali 2008) . The fluctuating numbers of nomads can be explained by a number of reasons, such as:
The numbers of nomads were miscalculated in previous statistics;
Old statistics (e.g. censuses from 1983 and 1993) often relied on projections from previous statistics and previous growth rates, rather than actual numerations; Nomadic communities are reluctant to participate in the censuses for social and cultural reasons, they might seem to be afraid of evil eyes or they might not be willing to pay taxes on their animals (Ahmed and Abdel-Rahman 2008) ; Cross-border movement of nomads and definitions used by the Central Bureau of Statistics (Ali 2008) ; and Access to these tribes is difficult because of poor road conditions in Sudan (Ahmed and Abdel-Rahman 2008) .
The nomads of Sudan are concentrated in the western part of the country, namely in Darfur and Kordofan regions. The state of South Darfur (now the states of South and East Darfur) has the bulk of the nomads (58.2 %), while 19.6 % live in the states of North and South Kordofan. There are about 16.1 % in eastern Sudan in the states of Kassala and Red Sea. The remaining populations of nomads are spread over other states in smaller numbers (Ali 2008; Ahmed and Abdel-Rahman 2008) .
Sudan has poor sexual and reproductive health indicators. The maternal mortality ratio (MMR) is estimated at 360 maternal deaths per 100,000 live births and has only decreased by 50 % between 1990 50 % between and 2013 50 % between (WHO et al. 2014 . The risk of adult women dying from pregnancyand childbirth-related causes is 1 in 60 . In 2013, the proportion of deliveries attended by trained personnel was about 30 % (WHO 2014a). The proportion of institutional delivery is extremely low (20 %) because the common practice is home delivery, even in urban areas (Federal Ministry of Health 2011) .
The maternal health status of nomads is even worse, as a census of Sudan in 2008 reveals very high maternal (Adam and Babiker 2009) mortality among nomads. It is estimated that the MMR is as high as 503 maternal deaths per 100,000 live births (Alnoory 2008; Ahmed and Abdel-Rahman 2008) . The high MMR among nomads is due to a number of reasons. Nomads encounter challenges in accessing and utilizing the services of trained midwives or other skilled maternal health service providers. The cultural beliefs of nomads, such as the number of children born in a family being a symbol of its position in the community, indicate little use of family planning methods (Montavon et al. 2013 ). This has a direct correlation to maternal mortality and morbidity, unless pregnancies are well spaced. Other cultural practices such as widespread practices of female genital mutilation (FGM) and early marriage are also contributing to high maternal mortality. In addition, other reasons for high maternal mortality include i) misconceptions and practices related to nutrition, maternal diet and maternal care; ii) limited access to health care services; and iii) low rates of enrolment in formal education (Schelling et al. 2003; Schelling et al. 2005; Montavon et al. 2013) .
Given these statistics, there is a need to better understand the factors that influence the status of nomadic maternal health; therefore, this study focuses on maternal health among the nomadic communities of Sudan. It will analyse different factors that influence the utilization of maternal health care services by nomads, and, citing success from similar contexts, it will provide suggestions and recommendations to improve utilization.
Study area
Sudan covers an area of 1,882,000 km 2 in the north-east of Africa between 15°00′N and 30°00′E. Sudan borders Egypt, Libya, Chad, the Central Africa Republic, South Sudan, Ethiopia and Eretria (UNDP 2013) . The total population of Sudan was estimated at 37,289,406 in 2014, with 63 % of people living in rural areas (Sudan Central Bureau of Statistics 2013).
Geographically, the terrain of Sudan consists of flat plains and mountains. The Blue and White Niles meet at Khartoum to establish the great Nile river which runs towards the north before crossing the border with Egypt (Anon 2014 ). Sudan's climate consists of an arid zone in the north (Nubian Desert) as a continuation of the great desert, and a tropical zone in the south and south-west (Anon 2014) . The existence of different climates and the presence of the Red Sea and large numbers of mountains have led to variations in the density of rainfall, temperatures, types of soil and the topography. These factors play an important role in determining the types and distribution of plants and pasture. In addition, the availability of pastoral land is an important factor determining the distribution and location of different nomadic groups across the country.
Methods

Study design
This study is a literature review of published and unpublished studies, research and reports about the maternal health of nomads in Sudan. Because data about nomads in Sudan are limited, the author has searched and included articles from neighbouring countries. Google and Google Scholar were the main search engines used to find related articles, and other specific websites such as the World Health Organization (WHO), Federal Ministry of Health, Central Bureau of Statistics, World Bank, United Nations Population Fund (UNFPA) and United Nations Children Fund (UNICEF) were also used. Searching was also conducted through the library catalogue of PubMed and VU University Amsterdam. Some resources were extracted from KIT library publications.
Conceptual framework of the study
Andersen and Newman state that the utilization of health care services is always influenced by social determinants and individual behaviour (Andersen 1995) . With similar concepts, other conceptual frameworks for analysing the utilization of health care services include Rosenstock's health belief model (Rosenstock 1974) and the Three Delays model for maternal mortality (Thaddeus and Maine 1994 ). Andersen's framework was chosen because it focuses on analysis of health service utilization from a socio-demographic perspective. Andersen's behavioural model of health care service use (Figure 3 ) theoretically assumes that certain characteristic factors contribute to or determine an individual's use of health care services. The model groups these factors into three categories: predisposing characteristics, enabling characteristics and need-based characteristics (Andersen 1995) .
Study limitations
This study shows some limitations:
The study is based on a literature review of available scientific articles and unpublished reports, and dependent on the availability of relevant resources. Therefore, the study is limited to analysis of what was extracted from the literature and the author's experience while (Dafallah et al. 2003; Ahmed et al. 2012 ). Sudan's census shows that the MMR among nomads is very high, at 503 maternal deaths per 100,000 live births, with regional disparities. The highest values of MMR are reported in the western part of the country (Darfur and Kordofan) (Ahmed and Abdel-Rahman 2008) . The high MMR among nomads suggests gaps in accessing goodquality maternal health care services and poor health practices. Three quarters (74 %) of pregnant women undertake one antenatal care (ANC) visit, while 47 % undertake four visits. This may be an indication of a low quality of service from the clients' perspective (Federal Ministry of Health 2011). Utilization of ANC services in Sudan is influenced by a number of factors. The mothers' level of education has a direct positive relation with utilization of the services, and utilization of ANC in urban areas is five times higher than that in rural areas (Ibnouf et al. 2007 ). The distance to health facilities and perceived quality of ANC also contribute to the utilization of services (Ali et al. 2010; Ibnouf et al. 2007 ). The Sudan
Household Survey (SHHS) shows a very low proportion of institutional delivery (20 %). This is because Sudanese culture encourages delivery at home in the presence of a trained midwife or traditional birth attendant (TBA), rather than facility-based delivery (Mohamed and Boctor 2009) . Sudanese women perceive delivery at health facilities as meaning that they are unable to deliver normally. Delivery at home, where there is no means of reliable transportation, may lead to maternal death in cases of emergency; furthermore, obstructed labour during home delivery is a known cause of fistula in Sudan (Mohamed and Boctor 2009; Khalil 2011) .
Obstetric fistula is a serious, devastating and humiliating condition that results from prolonged labour (WHO 2014b; Mohamed and Boctor 2009 ). In the majority of cases, fistula develops because the delivery is conducted at home and attended by unskilled personnel (Mohamed and Boctor 2009) . In Sudan, almost half of fistula cases are in the western part of the country, where the majority of nomads live (Mohamed and Boctor 2009; Khalil 2011) . The development of fistula is influenced by sociocultural factors such as FGM, early teen pregnancy, low level of education, poverty, malnutrition and a poor health system (Mohamed and Boctor 2009; Khalil 2011; WHO 2014b) .
Findings from the 2010 SHHS reveal poor family planning indicators. The survey indicated that only 9 % of women used family planning methods, and the unmet need for contraceptive was 29 % (Federal Ministry of Health 2011). A review of literature (Ali and Okud 2013; Ahmed 2013; Brair and Eltayeb 2013) reveals that utilization of family planning in Sudan is influenced by many factors, with the level of education of women and their husbands and religious beliefs the most influential (Ali and Okud 2013 ). Women's low level of interest in family planning can be related to religious ideology; in Islamic countries, childbirth is always perceived as a natural practice. Therefore, the majority of Sudanese women consider family planning methods taboo (Serizawa et al. 2014) . Figure 3 Adapted conceptual framework of the study explaining utilization of maternal health care services (Andersen 1995a) Nomads' cultural practices and health needs
The so-called life cycle approach is a tool developed to understand sexual and reproductive health concerns during human life cycles (Cohen and Burger 2000) . The tool can be applied to the maternal health of nomads in Sudan, as a continuum from childhood to adulthood. As Figure 4 shows, during childhood, FGM is commonly practised in Sudan, with the prevalence estimated at 88 % of women aged 15 to 49 (UNFPA and UNICEF 2013). Prevalence varies between states ( Figure 5 ) and is almost the same in rural and urban areas and among different socio-economic quintiles. FGM is a violation of a child's rights and adversely affects her well-being (WHO 2012a; UNICEF 2010). Evidence from a study conducted by WHO revealed that women who undergo FGM are at higher risk of developing delivery consequences for both the mother and the baby (WHO 2012a).
In addition to FGM, adolescent girls are considered suitable for marriage; the mean age for marriage of females is 19 years and for males is 24 years (Ahmed and Abdel-Rahman 2008) . The proportion of females who marry between the ages of 12 and 14 years is 5.8 % (Table 2) and that between 15 and 19 years is 34 %. Almost two thirds of females between 20 and 24 years old are married. Early marriage is a maternal health concern because it is linked with adolescent/teen pregnancy (WHO 2014c). Teen pregnancy is known as a leading cause of death in adolescence because of delivery and birth complications.
In general, health needs are determined by the level of awareness and related to other factors such as gender, culture and tradition. Findings from a study by Serizawa et al. (2014) show that the perceived health needs of women in rural Sudan are strongly influenced by religion and beliefs. Sudanese women are like other Muslim women elsewhere in the world, with fatalistic beliefs with regard to health and well-being (Serizawa et al. 2014; Hedayat 2006) . Interestingly, Sudanese women perceive ANC as a curative rather than a preventive measure (Serizawa et al. 2014; Furuta and Mori 2008) . Moreover, the health needs of nomads are strongly influenced by gender norms, as access to information and health care services is largely controlled by men (Hampshire 2002) . However, home remedies and treatment of reproductive health illnesses are considered women's responsibilities. For the most part, men do control the resources and are the decision-makers; therefore, access to health care information and services lies with men and their willingness to provide it. Men in nomadic society believe that reproductive health needs are better treated at home and with other females. Women may feel ashamed or embarrassed to discuss their health needs with their husbands and ask for their help.
Enabling factors
In general, nomads can afford the cost of health care, as evidenced by the fact that they contribute almost 60 % of Sudanese Gross Domestic Product (GDP). In addition, 90 % of livestock in Sudan are held by nomads (Smith et al. 2012; Ahmed and Abdel-Rahman 2008) . Women in these nomadic communities are economically active, as they are allowed to own small groups of animals such as sheep and goats, are responsible for milking and selling surplus milk and can cultivate small areas of lands (Al Massar Charity Organization for Nomads Development 2003) . Women use the income generated from these activities to purchase personal items or invest in other small income-generating activities.
Nomads' seasonal movement affects their utilization of health care services, as they might move nearer to or further away from existing services. Nomads in Sudan can move long distances with their livestock, searching for water and pasture. The movement and distribution of nomads in Sudan is influenced by a number of either environmental or human-related factors that determine their location: i) seasonal shortage of water; ii) density of biting flies; iii) a lack of salt in sand soil; and iv) the culture of the population (Weibel et al. 2008) . The western Figure 4 Maternal health care issues during the life cycle (Cohen and Burger 2000) part of Sudan, where the majority of nomads are found, has undergone civil war and unrest for a long time, which has adversely affected the availability of health care services (Assal 2009 ).
The mobility of nomads acts as a protective factor against worm infestations and waterborne diseases such as cholera and hepatitis (Mocellin and Foggin 2008) . This regular movement and the low population density also reduce risks of epidemic outbreaks. However, nomads can propagate an epidemic from one area to another (Schelling et al. 2005) . Nomads have a better nutritional status than farmers, as nomads have a high milk diet and supplemented food practices (Schelling et al. 2005) .
On the other hand, nomads are at risk of and susceptible to a wide range of illnesses and infectious diseases such as treponemal infection, brucellosis, measles, respiratory infections and diarrhoeal problems. This susceptibility and vulnerability is due to risky cultural practices such as i) their proximity to livestock, which is a risk for the transmission of zoonotic diseases; ii) dietary practices such as drinking raw milk; iii) the nomads' perception of their health needs and health-seeking behaviour, which includes traditional healers; iv) their risky living environment, including poor housing conditions; and v) their frequent mobility and difficulty in accessing and utilizing health care services (Mocellin and Foggin 2008; Schelling et al. 2005 ).
Predisposing characteristics
Evidence from studies in other developing countries reveals a positive correlation between formal education and maternal health (McAlister and Baskett 2006). Women's level of education is directly associated with better utilization of health care services. The literacy rate is very low among the nomadic community: 80 % of women and 75 % of men are illiterate (Omer et al. 2009 ).
Gender relations are defined by different roles and responsibilities assigned by society to men and women (Ostlin et al. 2006) . The traditions and cultures delineate tasks and responsibilities of individuals within nomadic society, and sketch the roles of women within the family and community. Gender norms affect maternal health through harmful traditional practices such as early marriage and FGM. They are always related to the community's beliefs and values. The majority of nomadic females (68 %) are engaged in unpaid family work, and 15 % work on their own account (Adam and Babiker 2009) . Decision-making among nomads in regard to seeking health care is similar to other communities in developing countries. In general, women lack autonomy in health care decision-making (Herschderfer et al. 2012 ). The decision is always made by their husbands, as they control the resources, and the women usually seek permission before accessing health care services.
Beliefs, values and attitudes
The use of traditional and alternative medicine among Sudanese people is well contextualized by Dr. Tigani El Mahi, who stated that 'the belief in supreme beings or supernatural existence is widely accepted by Sudanese, not only among illiterate but also among well educated people' (Mohammed and Babikir 2013) . Literature shows that in rural areas of Sudan the common cultural practice is to use self-care or home remedies or to consult traditional healers. The general population perceives religious healers called Wali, Fagir or Shiekh as holy persons with extraordinary powers to cure ailments through prayers, charms and summons (Mohammed and Babikir 2013) . Religious leaders have always played a significant role, which directly or indirectly influences maternal health. As mentioned above, certain traditions such as FGM and early marriage are practised for cultural and/or religious reasons. Decisionmaking about seeking care for maternal health problems falls under the domain of women, but they are influenced by husbands and religious leaders (Haile 2012) .
Nomadic best practices from other countries
Community-based integrated primary health care interventions have been proved as an effective and efficient way to reduce maternal deaths and improve utilization of maternal health care services in Ethiopia (Ergano et al. 2012; Dynes et al. 2013 ). The Government of Ethiopia has adopted an approach called the 'health extension programme' (HEP) to provide services in pastoral areas (Ergano et al. 2012; Umer 2012; Dynes et al. 2013 ). The main goal of this approach is to prevent maternal mortality and morbidity among pastoralists by enhancing equitable access to community-based promotive, preventive and selected curative health care interventions (Ergano et al. 2012) . Evidence found by Darmstadt et al. (2009) shows that use of trained community health workers (CHWs) has effectively reduced maternal mortality. In addition, Banteyerga (2011) and Ergano et al. (2012) have evaluated the impact of the HEP in relation to the utilization of maternal health care services in pastoral areas of Ethiopia. They reported that the coverage of ANC services, tetanus immunization and use of family planning had increasingly improved after the introduction of health extension workers (Ergano et al. 2012; Banteyerga 2011) . Improvements in maternal health indicators can be attributed to the design of the health intervention, as it was aligned with the pastoralists' lifestyle, and the health extension workers were selected from nomadic communities (Umer 2012; Banteyerga 2011) . The HEP indicates a positive impact on community health and shows that a community's health behaviour can be improved.
Delivery of health services through mobile clinics is recognized as the best way to provide care to continuously moving nomads. Mobile clinics have been observed to be more cost-effective than fixed facilities (Zinsstag et al. 2006) . The utilization of maternal health care services is influenced by the nomads' perception of their health needs and the preference for the informal health system. Findings in the literature from studies conducted in Chad show that a combination of human and animal health interventions is an effective way to improve nomads' health (Schelling et al. 2007; Montavon et al. 2013 ). The joint vaccination campaign for children and women beside livestock increased the coverage of vaccination of children and women. It was found that the cost was 15 % lower than for separate campaigns (Schelling et al. 2005; Schelling et al. 2007) .
New roles for TBAs: There is a critical shortage of skilled birth attendants in developing countries due to geographical, political and social reasons (Wilson et al. 2011) . TBAs are regarded as an alternative to cover the shortage of skilled birth attendants and improve maternal and neonatal care. TBAs are feasible, socially acceptable and an available option for women in developing countries (Wilson et al. 2011) . Evidence shows that training and support for TBAs can reduce maternal deaths in areas with low coverage of skilled birth attendants Sibley et al. 2007 ). The effective use of TBAs should incorporate training, linkage to health care services, continuous in-service training and skills development, access to clean delivery kits, resuscitation equipment and effective referral pathways (Sibley et al. 2007; Wilson et al. 2011) .
Maternity or birth waiting homes (MWHs) have been efficiently managed to overcome geographical barriers and transport problems for women to access maternal health care services in rural and remote areas (Herschderfer et al. 2012; Lee et al. 2009 ). MWHs are often located near health care facilities, to enable women to access services before the initiation of labour and even to stay there until it is time to give birth ). The construction and operating costs of the MWHs can be financed by the communities themselves, the government or any other donor. This intervention is used by developing countries such as Sierra Leone, Cuba, Malawi, Nigeria, Papua New Guinea and Zimbabwe to bridge the geographical gap by bringing women at risk closer to emergency care (Herschderfer et al. 2012; Lee et al. 2009 ). Although there is limited evidence on the effectiveness of this widespread use of MWHs, it is likely to reduce maternal deaths in regions with low access to health care services ). Evidence from Ethiopia shows the programme's effectiveness in reducing maternal mortality (Gaym et al. 2012 ). On the other hand, other countries report challenges, such as the sometimes lengthy waiting time, women needing to bring a relative to support them, and logistical problems of some MWHs with, for example, kitchens ).
Discussion
Although the causes of maternal death are well known, they represent only one small aspect of maternal health. In this study, findings show that the utilization of maternal health care services by nomads is determined by predisposing factors, enabling conditions and health needs. Figure 6 was developed by the author to summarize linkages and relations between previous findings. The figure critically analyses the utilization of maternal health care services by nomads from the perspectives of both demand and supply. The low rate of utilization of maternal health care service is always due to demand-side and/or supply-related factors. Demand concerns people's willingness and ability to pay for services based on their needs. Decision-making about utilizing services is influenced by the presence or absence of components of predisposing factors, enabling conditions and health needs. These factors have a key function to inspire people regarding whether to use formal health care services or traditional or spiritual healers' services. These factors closely interact and are linked with each other in several ways, although components of each factor are also interrelated and amplify each other.
On the other hand, the low utilization of maternal health care services subjects women to high risks that lead to unfavourable consequences and increase the likelihood of maternal morbidity, mortality and disability. The different components of predisposing factors are closely interlinked and interrelated. In nomadic communities, problems and issues related to maternal health can be seen as early as during childhood and adolescence. The practices of FGM, early marriage and teen pregnancy are extensively performed by nomads. FGM is practised by almost all nomads in all regions of Sudan. In addition to immediate serious or even fatal complications, FGM can risk maternal well-being later, as women become at greater risk of developing fistulae or birth complications that can lead to maternal death or Figure 6 Interaction of predisposing factors, enabling factors, health need and utilization of maternal health care services disabilities. Besides FGM, early female marriage is widespread among nomadic society, as findings show that 34 % of girls aged less than 19 are married. Despite this, there are no data on teen pregnancy, but it is postulated to be high, based on the high prevalence of early female marriage and the high unmet need for family planning.
These harmful traditional practices are associated with low levels of education and of awareness about maternal and general health, which are other key characteristics of nomads. The roles of women in nomadic society are mainly reproductive, with some limited productive or economic activities. These ascribed roles and the position of women in society will sustain illiteracy among women and trap them in poverty. Although some nomadic women are economically active, they are still dependent on their men. As mentioned earlier, women perceive their husbands to be the decisive authority for consent to seek health advice and when and where to use health care services. The nomads perceive maternal health needs as women's issues; men are not involved, and it should be treated at home and by female kin. This misperception contributes to denying women access to maternal health care services.
Furthermore, the nomadic lifestyle and the physical environment are also significant predictors of maternal health. The regular movement of nomads acts as a barrier for women to access maternal health care services. The situation is even worse, as mobile facilities are not available to accompany the groups as they move. The distance to health facilities is another crucial factor. As mentioned before, nomads are concentrated in the western region of the country, where access to health facilities is limited for both nomads and settled communities. In fact, the current ongoing civil conflict in Darfur and some parts of Kordofan has negatively impacted maternal health (Kim et al. 2007) .
The health-seeking behaviour of nomads is governed by individual beliefs, values and attitudes about health needs, similar to other population groups everywhere. Consultation of spiritual and traditional healers is widespread in Sudan. The utilization of informal health services is not always due to the absence of health facilities; it is also related to perceptions and beliefs. Decision-making about which services should be used is also influenced by tradition and the structure of the society; religious leaders play a significant role in manipulating people's perceptions and beliefs. The health-seeking behaviour of nomads needs to be explored further, as current data are severely limited.
The responsiveness of health services and health staff and the cost of the services are features of the health system that affect service utilization. Limited availability of health facilities in rural areas is a crucial factor for nomads' maternal health, especially the lack of emergency obstetric and neonatal care facilities. The shortage of key maternal health staff is another factor, as the national coverage of midwives (based on one midwife per village) is only 56 % (Federal Ministry of Health 2010). This critical shortage of trained, skilled midwives will encourage people to continue to use the service of TBAs. Based on the author's observation and working experience, TBAs are popular among rural communities, especially among nomads, as the key maternal health care service provider, not only because of the shortage of trained village midwives but also because of traditional beliefs, the perceived quality of formal services and the cost of services. The unregulated work of TBAs can adversely impact maternal health, however. Thus, as the government is unable to supply the required number of skilled village midwives, TBAs can assume new roles as CHWs to reduce maternal morbidity and mortality.
Another factor related to health care services is their affordability. Although nomads in Sudan have income resources that can cover the cost of health care services, their willingness to pay remains a question that needs to be answered by further research and study. It is the author's hypothesis that the willingness to pay is linked to the gender norm, tradition, opportunity cost and level of education among nomads.
Nomads in Sudan are similar to those in nearby countries. The similarities include tradition, culture and attitudes. For example, FGM is widely practised among nomads in Ethiopia and Chad and the Masaai of Kenya. In addition, the nomads in these countries have the same socio-economic factors that permeate the practice of FGM, such as a low level of education, the popularity of FGM in rural areas, low healthfacility coverage and the same reasons for performing FGM. The prevalence of FGM is being reduced in these countries by implementing the same anti-FGM intervention. These similarities strongly suggest that the adaptation of best practices from other countries can improve the utilization of maternal health care services by nomads in Sudan.
As mentioned earlier, some interventions have been found effective in improving the utilization of maternal health care services. Community-based primary health care interventions such as the training and deployment of CHWs can improve maternal health. CHWs play an instrumental role in health care service delivery in rural and low-resource settings. CHWs differ from TBAs, as they seem to be younger, better educated and less bound to harmful traditional practices . Evidence from the literature shows that CHWs can reduce the number of maternal deaths by educating women about a childbirth plan and a referral plan during childbirth, mobilizing their communities to use skilled birth attendants and providing delivery care for mothers and neonates (Hofmeyr et al. 2009; Lee et al. 2009 ).
Delivery of health care services through mobile clinics is the most effective approach for nomads. As nomads are continuously moving, mobile facilities are always the best approach for service delivery. Utilization of this service is influenced by nomads' health needs (Montavon et al. 2013; Schelling et al. 2007) . WHO (2012b) has excluded TBAs from its definition of skilled attendants and has banned them from service provision everywhere in the world. However, there is evidence about the effectiveness of training TBAs so that nomadic communities continue to trust them as service providers, just as other population groups in developing countries do (Wilson et al. 2011; Darmstadt et al. 2009; Sibley et al. 2007) .
Another intervention that can improve nomadic maternal health is MWHs. This intervention can play a significant role in reducing maternal mortality by providing a safe place for women to stay near a health facility while her family moves to another area ).
Conclusion
In conclusion, the utilization of maternal health care services by nomads in Sudan is extremely low. There are many factors influencing utilization; in general, they are the same as in other nomadic areas in Africa. They include individual characteristics such as age; children and adolescents are exposed to maternal health issues such as FGM, early marriage and teen pregnancy. Utilization of services is also affected by low levels of education and health awareness. The mobile lifestyle of nomads and gender inequality also act as major challenges that restrict women's utilization of maternal health care services. Although nomads can afford the cost of services, their willingness to pay cannot be judged. The limited availability of health facilities and health staff at the community level is a crucial factor that restricts nomadic women's access to health care services.
Finally, the utilization of health care services is influenced by nomads' perceived health needs, which are based on the beliefs, values and traditions that are central to the fabric of their society in Sudan.
Recommendations
Based on the findings and conclusions, the study recommends evidence-based strategies and interventions to improve the utilization of maternal health care services by nomads. The recommended strategies aim either to increase community demand for maternal health care services or bring women closer to emergency obstetric services. The following recommendations are proposed at policy, service-delivery and community levels:
Policy level
The government should include nomadic CHWs and nomadic village midwives within existing human resources for health strategic policy and develop curricula for basic and in-service training programmes. The government should develop a national policy on the management and oversight of traditional medicine. 
Service-delivery level
Community level
Social networks of nomadic women should be established to promote the utilization of services and empower women. Health awareness campaigns should be conducted at the community level to raise nomads' level of awareness about the importance of maternal health. An advocacy group comprising tribal, religious and community leaders should be established to advocate for better utilization of maternal health care services.
